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“ST Day 2000: Reducing Risk for the Next Generations” - ASTP 

In-Space Transportation Goals 






High percentage of projected launches to Low-earth Orbit (LEO) will require 
upper stages. 

• More than 70% go to Geosynchronous Orbit (GEO) or higher. 

Under current total mission cost caps, more ambitious science missions 
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‘‘ST Day 2000: Reducing Risk for the Next Generations” - ASTP 

In-Space Investment Rationale 
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“ST Day 2000: Reducing Risk for the Next Generations’’ - ASTP 

Space Transfer Technology Project Elements 







Sails 

• Solar 

• Magnetic 

Center Roles: 

• JPL : TWG lead; system design; 
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Space Transportation Technology Workshop 


GTX Project Objectives 
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Space Transportation Technology Workshop 
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GTX Reference Vehicle Description 



Space Transportation Technology Workshop 

GTX Project 



jet Stream and Simultaneous 
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Planned Flowpath Development Test Rigs 
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GTX Project 



Refere 



Numbers refer to GTX rig numbers 

Space Transportation Technology Workshop 

GTX Project Plan Overview 
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Space Transportation Technology Workshop 



Process and Material Development for Fabrication of CMC Blisks 

J. Kiser, 216-433-3247, James.D.Kiser@grc.nasa.gov CMC B|jsk 
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Space Transportation Technology Workshop 

>ks and Milestones 



CMC Cooled Components Actively-Cooled CMC Pane l 

M. Jaskowiak, 216-433-5515 

Martha.H.Jaskowiak@grc.nasa.gov 
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CMC’s for Static Propulsion Components 

M. Freedman, 216-433-3284 
Marc.R.Freedman@grc.nasa.gov 
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Tasks and Milestones 




Cooled Leading Edge Concepts 

D. Glass, 757-864-5423, d.e.glass@larc.nasa.gov 
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Space Transportation Technology Workshop 



Goals and Objectives: 

• Improve the durability, reliability, performance and affordability of polymer matrix 
composite propulsion components for space transportation systems 
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Point of Contact: 

Michael A. Meador, (216) 433-9518, Michael.A.Meador@grc.nasa.gov 

Space Transportation Technology Workshop 

Polymers and Polymer Matrix 
Composites for Propulsion Components 



BLANCHING : Generation of Interconnected Porosity from 
Cycles Between Oxidizing & Reducing Environments 
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Space Transportation Technology Workshop 

Coatings For Thrust Cell Liners 




Diamond 

- Thermal Conductivity - 2000 W/mK 



low thermal expansion, ultra-high conductivity, high strength composites 

Space Transportation Technology Workshop 

Advanced Copper Matrix MMCs 
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3 rd Generation Propulsion R&T Project 
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Space Transportation Technology Workshop 

Safe Life Propulsion Technologies 


Ceramic Matrix Composite (CMC) Life Prediction Methods (P-5-Ellis-2-t) 

POC: Rod Ellis/5900, Stan Levine/5100 
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Enabling Design and Life Prediction Technology for Cost Effective Large-Scale 

Utilization of MMCs and Innovative Metallic Concepts 

(P-5-Arnold-1-t) 

POC: Steve Arnold (5900), Mike Nathal (5100) 
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Probabilistic Analysis Methods for RLV Propulsion Materials & Structures 

(P- 5 -Nemeth/Pai -1 -t) 

POC: Rod Ellis ( 5900 ), Stan Levine ( 5100 ) 
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♦ FY’01 Milestones 

• Complete experimental design for high conductivity alloy 
development 

• Define and characterize prototype CMC Nozzle Sub-elements 
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Materials and Structures 


High performance materials are enabling or enhancing for numerous 
engine/vehicle concepts and are critical to meeting safety, cost and 
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Current State of the Art 
• Current System Simulations are mature, 
difficult to modify, and poorly documented. 
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HOT STRUCTURE COMPONENTS FOR 

POTENTIAL FLIGHT DEMO 




Objective 

- Develop and verify the technology required for application of minimal 
weight control surfaces that meet NASP vehicle requirements 
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Components Space Transportation Technology Workshop 

CONTROL SURFACES 

C/C CONTROL SURFACE FOR NASP 




Objectives 

- Develop and validate C/SiC control surfaces for the X-37 

- Deliver 2 flight approved flaperons and 2 moveable ruddervators 



— H Space Transportation Technology Workshop 

CONTROL SURFACES 

X-37 FLIGHT COMPONENTS 







Material property and sub-element (RT - 2800°F) 
Subcomponent (RT) 

Full scale thermal/structural test component 
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Status 

- Design, analysis, and fabrication validated through thermal/structural 
tests and analysis of large full-scale segment of C/C control surface for 
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Hot Structures Control Surfaces 
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Design and fabricate large full-scale C/C or CMC 
control surface component for Space Shuttle or 
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CONTROL SURFACES 

POTENTIAL TASKS FOR FLIGHT DEMO 


♦ 12:45 - 1 :00 Introduction 2nd Gen RLV Airframe S. Welch 
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Hall Propulsion Technology Development 
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ST Day 2000: Reducing Risk for the Next Generations 



Technology goals and objectives 

It is the goal of this activity to develop 50 kW class Hall thruster 
technology in support of cost and time critical mission applications 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

50 kW Thruster Technology 



Major accomplishments (FYOO): 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - Hall Propulsion 

50 kW Thruster Technology 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

50 kW Thruster Applications 




Technology goals and objectives 

Compare measurements of critical plasma parameters from on- 
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“ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

EXPRESS Ground/Space Correlation 


Sensors integrated on to Express>A, #2 and launched 

• Data being collected 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

Current Status 



Major accomplishments (FYOO): 
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“ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

EXPRESS Ground/Space Correlation 



Sensor Types 

• Pressure: Measure local density to understand how plume expands 
Simple measurement, previously conducted 
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“ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

EXPRESS Ground/Space Correlation 



Sensor Types (continued) 

• Ion Current: Measure the flux density of the plume ions 

- Simple measurement, not previously conducted 
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EXPRESS Ground/Space Correlation 
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EXPRESS Ground/Space Correlation 




pressure probes (2) - ion current & energy probe electronics 



“ST Day 2000: Reducing Risk for the Next Generations” - Hall Propulsion 

EXPRESS Ground/Space Correlation 
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Thermal Protection Systems 



♦ Quick Processed, Low Cost Erosion Resistant TPS 
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Quick Processed, Low Cost Erosion Resistant TPS 




Thermal Protection Systems 


Quick Processed, Low Cost, Erosion Resistant TPS 
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Thermal Protection Systems 
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Future Plans: Continue extending the temperature capability of the materials reduce the labor required 
to produce these materials. 

3rd Gen Airframe/TPS : 

Thermal Protection Systems 



Quick Processed, Low Cost, Erosion Resistant TPS 

Technical Accomplishment 
Higher Temperature Capability Tile Leading Edge 
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Passive Wireless Thermal-Overlimit Sensor 
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Thermal Protection Systems 



SmarTPS 

Active Wireless Thermal-Profile Sensor 

Tile sensor plug bonded to Microtag, this assembly then Jj|| 

inserted into tight-fitting hole at back of tile. | pj | | 
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Back Surface: transient temperature below 300° F 
(transient temperature to 650° F may be ok in future versions) 

v 3rd Gen Airframe/TPS: 

Thermal Protection Systems 







SmarTPS 

Surface Laser Measurement Tool 
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SmarTPS 

Surface Laser Measurement Tool 
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Surface Laser Measurement Tool 
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Advanced High Temperature Structural Seals 

Technology goals and objectives 

• Development and testing of advanced high temperature structural 
seal concepts for control surfaces of new generation of small 
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Advanced High Temperature Structural Seals 

Major accomplishments (continued) 
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Thermal Protection Systems Aero/Aerothermo Enhancement 

(ARC Lead) (LaRC Lead, No FYOO Funding) 

3rd Gen Airframe/TPS: 

Airframe Technology Elements 






Airframe Technology I TWG 

LaRC Lead 1 — . (Government 

David Bowles, Project Manager I & Industry) 
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Airframe Organization and WBS 










♦ Integrated Design & Analysis 




Element Lead Contact Information 


Dave Bowles (Acting Chair), Project Manager, LaRC 
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Top Level Budget Summary 
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Task Structure and Leads 



Contribute to the increased safety and 
reduce costs goals 

(loss of vehicle/crew <1 in 10 6 and $1 00/lb) 



Goals, Objectives, Challenges, Approaches 

















Reduced Cost ($1 00/lb) 
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♦ Varies across elements and tasks 
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♦ Overall Project Level Risks 

Objective: Develop and demonstrate 3rd generation airframe 
technologies that provide significant reductions in cost of space 
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♦ Solid Technical Plan in Place 
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FY01 Summary Comments 



♦ Focus on those activities that will be continued/built upon in FY01 
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FYOO Research Highlights 
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Integrated Design and Analysis 



♦ PMC Damage Tolerance & Repair 





Integrated Design and Analysis 



PMC Damage Tolerance and Repair 
Goals & Objectives 
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PMC Damage Tolerance and Repair 

COMPARISON OF COMPRESSION-AFTER-IMPACT STRENGTH RESULTS FOR 

CURVED THIN PLATES 

AS4-3502 Prepreg Tape Material 
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PMC Damage Tolerance and Repair 

COMPARISON OF RESIDUAL STRENGTH RESULTS FOR PLATES SUBJECTED 
TO DROPPED-WEIGHT IMPACT AND STATIC INDENTATION DAMAGE 
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PMC Damage Tolerance and Repair 

DEVELOPED NONLINEAR ANALYSIS METHOD FOR ACCURATELY 
DETERMINING IMPACT RESPONSE AND DAMAGE INITIATION 
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APPROACH FOR DELAMINATION GROWTH VERIFICATION TESTING 
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MECHANICS TECHNOLOGY FOR PROGRESSIVE FAILURE ANALYSIS 

♦ Embed progressive failure criteria and material degradation models 
with robust nonlinear structural mechanics solver STAGS 
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COMPRESSION-LOADED POSTBUCKLING COMPOSITE PANEL 
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Safe Structures Design Technologies 

BEAD-STIFFENED PANEL LOADED IN PICTURE FRAME SHEAR 
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Safe Structures Design Technologies 

EFFECTS OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIALCOMPRESSION RESPONSE 
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Safe Structures Design Technologies 

EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 
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Safe Structures Design Technologies 

EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 

Mao of Failure Reaion for Model 1 
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EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Concluded) 
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♦ Resins for transfer molding or infusion processing 
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High Temperature RLV Tank Concept 
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♦ Resins for transfer molding or infusion processing 
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Accomplishments, RTM/RI Resins 
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Chemistry of PETI-298 




mparison of PETI Oligomers Prepared 
From 1 ,3,3 ar|d 1 ,3,4 - ^\PB 



Viscosity dropped to 
~30 poise at 325°C 

T 3rd Gen Airframe/TPS: 
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Photomicrographs of PETI-298 Laminates Fabricated 
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Mechanical Properties of AS-4/PETI-298 Fabric Composites 
Fabricated Via Resin Transfer Molding (8 ply) 






Mechanical Properties of IM-7 PETI-298 Stitched Composites 

Fabricated Via Resin Infusion (36 ply) 
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♦ Resins for transfer molding or infusion processing 
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Accomplishments, LaRC PETI -8 


0 

> 

iS 

o 

o 


(0 


0 

0 

> 

0 

(/) 

0 


0 

3 


o 

0 

>» 

o 

o 

■D . 
0 0 
1 = 0 
o. > 
g-w 

3 0 
0 £ 
T3 ^ 

c w 
0 0 

■a ^ 
0 0 
a. 0 
o 0 

5 S 
« 2 
o a 


0 

0 


ll 

5 5 

> 0 
•— < 1 > 

0 £ 
0 3 
£ +■* 

T5 2 

0 Q) 

0) Q. 

S E 
E fi 

> 0 
o >, 
a £* 

■o = 

0 3 

0 4-* 

C 0 

IS 

* £ 

c 

> 0 ) 
o 

w X 
> 0 


c 

0 


>-3 


0 


0 

C T3 2 

#i% r o 


u w 

0 C 
r #*« 

a 


0 


0 X 

<2 s 


« °? <« 

H > 
LU ^ 
CL 0 

o E 

£ £ 

0 £ 


o -5 


0 

^ E 

I 1 

3 0 

■£ 3 

£ w 

o 0 

■» | 
® S 

3 4-* 

■o x 
0 0 

1-2 

82 
X C 
0 

H- J> 

O £ 

C *4 

O 2 

'<3 O 
O 3 
3 *■* 

i' ? 

o 

a. 2 

® 3 

*8 

O) k. 

c a 

5 g> 

= ■§ 

P i 

o o 

O 0 
CO > 


© 

X S 
0 ?? 

0 +- 
0 0 
■O 0 

>® 

2 x 

0 *■* 


= o 

o m 

3 h* 

“ E 

o 2 “ 


in 


IS 

0 

D> 

C 

0 


T HZ 

O 0 l*» 

o *“ - - 

(D . 

T” O) 
co c 

♦4 0 

0 £ 

O) <*> 

- 

0 2 0 

5 S ® 

. ® » 

0 = C 

> 2 ® 

« s * 

o *- S 

o 

3 
0 


Eg 


0 

i 


'E ,2 


0 

3 


0 


3 C 

O £ 

*1 0 
E o 

a | ® 

Q. = "D 

3 3 C 

0 *3 0 


TJ 

0 


> ±S ° 

0 Q) 


0 

C 

o 


7| r (/) 
8 = • 
3 O “O 
0 3 0 

C m 3 

« eg 

£ » c 

'5 8 ? 

o’ o -o 

0 O 0 

1 a o) 

g C 3 

c 0 o 
° > o 

■0 0 3 
£ ^ c 
o O) o 

f — 0 ^ 

3 0 


_0 

3 

E 

o 

0 

3 

O 

■ ^B 

0 

> 

a> 

c 


0 

0 

> 


gs 


1 1 i 

T3 § -9 

0 o a> 

S ® o 
2 2 ® 

O g 3 
£ O 0 

*§5 

c O -a 
5 J.B 
° C « 

o -5 ® 

3 g» 

so® 

® 2 =§ 

a. o. 0 


0 "O 
N (Q 

E 2 

>^B C"Z 

Q.^ 
O O 




LaRC PETI-8 
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Cytec Fiberite Results for PETI-8 Bonding 

Evaluated 550°F, 575°F and 600°F cycles from 4-12 hours under vacuum 
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♦ Resins for transfer molding or infusion processing 
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E-beam Gun Head from Electron Solutions, Inc. 
E-beam Gun Head from Electron Solutions, Inc. 
Boeifi^^aqppttiaying Gantry 




Int. Thermal Structures and Materials 



2nd Generation RLV Airframe 
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2nd Gen Airframe/TPS - Structures and Materials: 

Structures and Materials 



♦ Goals and Objectives 
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2nd Gen Airframe/TPS - Structures and Materials: 

Presentation Outline 



♦ Develop and demonstrate verified airframe and cryotank 
structural design and analysis technologies 
• Damage tolerance, safety, reliability and residual 
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♦ Develop and demonstrate robust airframe structures and 
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Plans developed for all structures and materials technology 
tasks work is being initiated 
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Maximum Principal Strain Plots 



Multi-Lobed Tank Nonlinear Analysis 


Space Shuttle Superlightweight External Tank 
Identifies LO z Tank Local Stability Mode 

_ _ , III e r| Perfect shell) r r 

Structural 1m 1 — ir— ~ i r ! 
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High Fidelity Nonlinear Analysis 







Objective: Develop verified high 
fidelity analysis tools to reduce 
dependence on tests 
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Geometrically 
Perfect Shell 



2nd Gen Airframe/TPS - Structures and Materials: 

Predicted and Measured Response 
of a Comoosite Shell Structure 
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2nd Gen Airframe/TPS - Structures and Materials: 

pplying Advanced Methods for 
Residual Strength Predictions 





Tension-loaded composite plate with a cutout 






RLV wing box 
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Distributed Fiber-Optic (F/O) Sensing for Structures 1VHM 



Distributed Fiber Optic Sensing 








Capabilities: 

Loads 
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Cross-Section 
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2nd Gen Airframe/TPS - Structures and Materials: 

Thermal/Mechanical Tension Test 



CHRADER PH-2 ACTUATOR 
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Materials in Structural Applications 



♦ NASA’s Thermal Protection System (TPS) Technologies 

• RLV Focused Projects 




Space Transportation Technology Workshop - Airframe Section 

TPS Technologies & Capabilities 



♦ Constituents and Fabrication Techniques for 
Metallic TPS - LaRC 

• Advanced joining techniques 
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Space Transportation Technology Workshop - Airframe Section 

RLV Focused Project of the ASTP 



♦ Durability 

• TUFI & White TUFI on AETB Ceramic Tiles - ARC 
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Space Transportation Technology Workshop - Airframe Section 

Recent or Emerging Technologies 



♦ Higher Temperature Capability 

• Ultra-High Temperature Ceramics -ARC, GRC, LaRC 
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Higher-Temperature Felts - ARC 

Integral Cryogenic Insulation / TPS - ARC, MSFC 

Space Transportation Technology Workshop - Airframe Section 

Recent or Emerging Technologies, ctd. 



Material Develop. 
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♦ Materials Development & Characterization Laboratories 

- ARC, GRC, JSC, LaRC 
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Space Transportation Technology Workshop - Airframe Section 

Material & Analytical Capabilities 



http://tpsx. arc. nasa. gov 

♦ TPSXis an engineering design tool that provides material property and 
performance data on a variety of thermal protection system materials. 
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TPSX Web Edition TPSX Windows Program 

Space Transportation Technology Workshop - Airframe Section 

Thermal Protection Systems Expert & Material 

Property Database 


♦ Arc Jets 
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Space Transportation Technology Workshop - Airframe Section 
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AIRFRAME DESIGN AND INTEGRATION 



Integrated Design Tools and Methods 


CO 

I 


£ 

£ 

£ 

4 


(/) 

0 

0 
-i— > 

CD 


</) 

0 

■o 

3 

55 

0 

■o 

0 


0 

E 

■ wmm 
< 


£ 

0 

e 

0 

> 

o 


0 ™ 
0 «> 

K 


c 

0 

E 

0 

0 

0 

0 

0 

<8 

= o 

s« 

5 o 
0 <2 

^ r 

■DO 

C 0 - 

0 O 
.* 

0 «D 
£■ 


CO 

it 

o 


~o 

c 

0 

<n 

0 

i_ 

D 

O 

D 

ft 

x: 

o 

c 

0 

00 

(/> 

T 3 

O 

_C 

0 


0 

C 

.2 > 
s 8 ) 

Q. <D 

c <n 
£ re 
o c 
O d 
■D (6 00 

0 @8 

■a ^3 

1 oS 

>*-i= 00 

c 
< 


-C 

o 

c 

2 

00 

c 

o 

+-• 

0 

N 


CL 

O 

TJ 

C 

0 


O) 


|s 

W n) 

0 . 

n 0 
LJ 

0 

0 C - 
C ON 

Q.J 5 co 
■q(S)c\i 
.2X4 


r-- 

Z^IT) 
£ I s - 


0 -2 o>4 

1 .§ nfe 

I- ^ -*J I s - 


AIRFRAME DESIGN AND INTEGRATION: Major Areas 
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GENERAL OBJECTIVES 
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TRADE STUDIES: GENERAL APPROACH 
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Airframe/TPS 



♦ John T. Dorsey Airframe Integration & Concepts, Vehicle Loads, 
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TRADE STUDY TEAM 



♦ Tank Packaging and Geometry 
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TRADE STUDIES FOR NRA 8-21: MAJOR CATEGORIES 
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PACKAGING CONFIGURATIONS 




Material Specifications • Load Cases 

- Quasi-isotropic PMC laminates - Launch (1 .355 g’s) 

- Limit strain 6000 pin./in. - Max acceleration (3 g’s) 
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CONFIGURATION SIZING 




LH2 Tank Geometry 
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TANK GEOMETRY TRADE STUDIES 



Axial Tension Webs Frames & Ties Orthogrid & Ties 



TANK STIFFENING CONCEPTS CONSIDERED 









Corner radius = 0.635 m 
Pressure = 137.9 KPa 
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Airframe/TPS 

TANK STIFFENING WEIGHTS COMPARISON 




Intertank 
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Airframe / TPS 

SEMI-CONFORMAL SANDWICH TANK SYSTEM: FEM FOR SIZING 

(In Progress) 
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REPRESENTATIVE STRUCTURAL CONCEPTS 
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• Hierarchy of sizing methods are needed to support trade studies 
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CONCLUDING REMARKS 




Airframe/TPS - Aerothermodynamics 

Aerothermodynamics 




System 

Airframe/TPS - Aerothermodynamics 

Aerothermodynamics Provides 
Critical - Path Information 




Information Source 

Regime Primary Complementary 
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Airframe/TPS - Aerothermodynamics 

Aerothermodynamic “Chain” 


Low Earth 
Orbit 
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Airframe/TPS - Aerothermodynamics 

Testing Techniques 



Airframe/TPS - Aerothermodynamics 

Phosphor Thermography Process 






Surface Heating Forces and Moments 


























Boeing 








Airframe/TPS - Aerothermodynamics 

Future Plans 


Review of X-33 Hypersonic Aerodynamic and Aerothermodynamic 


u. O. 

° w 

s ■ 

0 I s - 
2 - CM 
O) 4 - 

c < 0 
o 3 
O g) E 

TO < ° 

C ^ 

o » w 

*3 0) .£ 
TO O v" 

c c *■ 
- ® •a 

So! 
£ W 'E 

■O « 3 
c o — 

M +3 O 

*£ TO O) 
re C O 

■o 2 fc 

Sot 5 

c < 1 

<D 

<0 

<D 


bj * 


> ^ 

0) ^ 
9- cL 


1 £ LU 


O 

> o> 

CO 
(0 CM 




♦ 12:45 - 1 :00 Introduction 2nd Gen RLV Airframe S. Welch 
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2nd Gen Airframe/TPS - Structures and Materials: 



